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Nomenclature 
cp heat capacity of solvent (KJ/Kg.K) 
ml mass of irradiated solvent
 
(Kg) 
t   time (s) 
x radial distance in the direction of mass 
C concentration of solute in solvent at any
D diffusivity of solute in solvent (M2/s) 
Do frequency factor 
E activation energy (KJ/mole) 
F flux (mg/M3.s) 
P power input into the liquid bulk (W) 
R gas constant (8.314 J mol-1K-1 ) 
T temperature (0C,K) 
VL volume of solvent (M3) 
Greek symbols 
Ĭ temperature (0C,K) 
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1. Introduction 
1.1.  Aloe Vera plant 
 
Aloe Vera (Aloe Barbandensis Miller) is a tropical succulent plant, of liliaceous family shown in Fig 1, contains 
biologically active substances grouped as vitamin, mineral, amino acid, anthraquinone, saccharide, sugar, lignin, and fatty 
acids [20]. Gel is a thin, clear, jellylike substance that can scrap from the leaf as shown in Fig.2. The parenchyma tissue 
produces the gel. It contains 99% water and rest occupies most of the part by polysaccharides and active compounds [1,24].  
 
                                                                          
                                                  
                                                           Fig. 1: Aloe Vera Plant                                                                             Fig. 2: Aloe Vera Gel                                
1.2.  Aloin 
  
Aloin is an anthraquinone glycoside. It has molecular weight 418, molecular formula C21H22O9 and it’s chemical 
structure is shown in Fig.3.
 
Its IUPAC name is 8-Dihydroxy-10-(ȕ-D-glucopyranosyl)-3- hydroxymethyl) -9(10H)-
anthracenone [1]. It is yellow-brown compound estimated at levels from 0.1 to 0.66 % of leaf dry present in cells adjacent to 
the rind of the leaf in gel. It is used as laxative agent to maintain digestion system treating constipation by inducing bowel 
movements[3,19]. Once ingested, it increases peristaltic contractions in the colon, and induces bowel movements. [2,19].   
 
                                                        
          
                            Fig. 3: Structure of Aloin                                                Fig.4: Chromatogram of MeOH extracted Alone (0.42 -0.841 mm, 7.5 % & 30 0C) 
 
1.3. Ultra Assisted extraction (UAE)  
  
 Several reviews on application of UAE have been published in the past to extract bioactive compounds from herbs , 
plant origin metabolites , spooning, steroids and triterpenoids [4,9,14,17]. Ultrasonic field enables generation of micro-
cavitations in the liquid surrounding the plant material. The effects are mechanical disruption of the cell wall releasing its 
content and local heating of the liquid, increasing the diffusion. The kinetic energy and ultrasound induce in the whole 
volume following the collapse of cavitation bubbles at solid-liquid interfaces thus improving the mass transfer across it [12]. 
 
2. Experimental work 
 
2.1.  Materials & method 
 
 Aloe Vera leaves were collected from local   nursery . These were washed with water and removed the rinds. The inner 
gel scrapped , cut into pieces and solar dried gel particles were collected. The dry gel particles were screened in the range of 
0.42-0.841, 0.841-1.68, 1.68-3.36 mm respectively. Standard aloin sample was obtained from Fluka, USA for calibration. 
Solvents used for the extraction and HPLC analysis were of AR and HPLC grade from S.D. Fine Chemicals, India. 
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Ultrasonic probe (made in Taiwan, 20 KHz, with 1.5 cm diameter and 30.0 cm length) was used for sonication. Temperature 
inside the vessel was maintained constant. The samples were collected at specified intervals to analyze  aloin content .  
 
2.2.  Soxhelt  extraction  experiment 
The maximum recoverable aloin was estimated by Soxhelt extraction using methanol. 5 % (w/w) dry gel particles of 
size 0.42 – 0.841 mm were taken in Soxhelt with 200 ml methanol. Extraction was carried out for 24 hours. Samples free 
from dry gel were collected, stored in a freezer, and analyzed using HPLC to determine the concentration of aloin [22]. 
 
2.3.  Ultrasonic assisted extraction experiment 
Extraction experiments were conducted in a 250 ml glass vessel. In all typical experiments, the vessel was charged with 
the dry gel and 200 ml solvent. 20 KHz ultrasonic probe was used to generate waves. Samples were collected at different 
intervals for entire run and estimated aloin using HPLC. The selection of organic solvent, particle size, dry gel solid loading 
(2.5 % to 10 %) and temperature (30 0C to 50 0C) were investigated to select optimum conditions for the UAE respectively.  
 
2.4.  Chromatographic conditions 
 
The HPLC analysis  of extracted samples were conducted using a Symmetry® C-18 (4.6 x 250 mm, 5 ȝm) column 
equipped with 5 ȝl sample loop and  online  UV detector . The gradient method was used for acetonitrile-water mobile 
phase  with the detection wavelength at 290 nm. Fig. 4 shows the spectra of methanolic UAE extract of aloin [22]. 
 
3.  Results and discussion 
                
3.1. Selection of solvent 
 
 
 
       Fig. 5:  Selection of solvent for extraction of aloin 
 
Fig.5 shows the concentration of aloin in solvents respectively after 60 minutes of extraction at 30 0C. The maximum 
extraction 1.732 mg/ml using methanol was achieved than other solvents.  It may be due to role of size of solvent molecules 
and diffusion mechanism by which the solvent penetrated the solid matrix of natural material and increase in polarity of 
solvent[8, 22]. Also ultrasonic waves aided the penetration of solvent into solid matrix by continuous compression and 
evacuation cycle.  Methanol was   selected for the extraction for the subsequent experiments.  
 
3.2.  Soxhelt extraction 
 
The maximum amount of recoverable aloin content in the dry gel was estimated by Soxhelt extraction using methanol. 
A 24 hour of extraction showed the aloin content in the dry gel to be 3.433 %.  It is 0.0515 % on the basis of fresh Aloe 
Vera leaf. This was considered as a basis for calculation of percentage extraction of aloin [22 ].  
 
3.3. Effect of dry gel particle size 
 
Fig.6 shows UAE of aloin  with varying particle sizes. In first half run, difference in extraction rate was around 5- 6 %, 
but at the end , it was only 1-2 %. It means  initially the smaller size of the dry gel matrix  played a role in higher rate of 
extraction, while ultrasonic waves helped the solvent to penetrate the particles rapidly, which results into crushing and 
reduction in the later stage. For smaller particles, diffusion path decreased, and surface area increased. Though initially 
extraction  rate was higher for smaller particles, the combine effect   reduced the difference in extraction rate.   
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                                   Fig.6: Effect of dry gel particle size                                                                   Fig. 7: Effect of dry gel loading 
 
3.4. Effect of dry gel loading 
 
For initial 20 minutes, there was rapid increase in extraction in all dry gel suspension loadings. Since the solvent is free 
of any solute, thus solute experiences large driving force to get dissolved in the solvent, but at later stage, the concentration 
gradient decreases, affecting the rate of extraction. The extracted equilibrium concentration of aloin when compared with 
the maximum amount of aloin present in the dry gel had shown increasing at higher loading. At higher loading, the 
concentration gradient at the solid-liquid interface increases with time as the amount of solvent remains unchanged. From 
Fig. 7, 7.5 % dry gel loading was selected for further experiment as maximum extraction of aloin was achieved. 
 
3.5. Effect of temperature 
 
The effect of temperature on aloin extraction was investigated from 30 0C to 500C. Fig. 8 shows that, with increase in 
temperature, the extraction of aloin  was increased. This increase can easily be attributed to higher solubility of aloin at 
higher temperature. The kinetic energy as well as diffusivity of solvent increased with temperature, and thus solvent 
penetrated better inside the cellular matrix leading thereby faster release of the aloin molecules. Within 30 minutes, around 
90 % extraction of aloin  was observed at 40 0C, and 92 % at 50 0C respectively. 
 
                                 
 
                                  Fig.8: Effect of temperature                                                     Fig.9: Comparison of UAE with batch extraction of aloin 
 
3.6. Comparison of  UAE with stirred batch extraction  
   
A stirred batch extraction experiment was conducted to compare the influence of ultrasonic waves on extraction of 
aloin . The operating parameter for stirred batch  was selected same as  UAE with 700 RPM agitation speed. Fig. 9 shows 
the comparison of  UAE with stirred batch extraction. It is observed that the only 65 % aloin was extracted in stirred batch , 
while 90 % extraction achieved in UAE within same time. In case of stirred batch extraction, even run time was double, and 
there was no significant increase in aloin extraction . There was nearly  35-40  % rise in extraction rate observed in UAE 
experiment . It means that there is a significant  effect of ultrasonic waves on extraction of aloin over stirred batch kinetics. 
It helps to reduce the extraction time and increased the maximum possible recovery of aloin. The rapid compression and 
evacuation cycle of ultrasonic waves  improved cell disruption, penetration of solvent into gel matrix and capillary effects 
[7]. The slow extraction period in stirred batch extraction was particularly enhanced by ultrasonic waves. Ultrasonic waves 
improved the extraction of aloin stored in polysaccharides intact parenchyma tubular cells. Also the cell wall  is composed 
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of cellulose and lignin material. Therefore cell disruption is very important to reach solvent to the solute aloin molecule. 
The improved extraction clearly indicate the  improved cell disruption  than mechanical agitation. 
 
4.  Power consumption in UAE 
 Power consumption for UAE has been estimated by suggested method [5,11,12]. As the irradiation with ultrasonic can 
be regarded as a special type of energy input into a system, the efficiency of sonochemical processes is closely related to the 
quality of energy conversion in an ultrasonic device towards the desired effects [8]. Calorimetric method was used to 
determine acoustic power of an ultrasound transducer as  acoustic energy is completely converted into heat energy and then 
comparison is made with electrical calibration. Power input (P) into the bulk of solvent is  
                                                                   
0=t
=                                          -------- (1) 
 
 
 
Fig.10:  Temperature of MeOH solvent   versus  time 
  
Where, (dș /dt) is the temperature slope at the beginning of the irradiation. The sonicated medium was located in an vessel 
with cylindrical shape. The temperature of the medium was measured with thermocouple . In experiments 200 ml liquid was 
irradiated with an immersion depth of 20   mm of the horn .The temperatures (ș ) were recorded at specified time (t) and 
plotted as shown in Fig. 10. The equation for  rise in temperature  with respect to irradiation  time is obtained ș= 0.077 t + 
301. The rate of change of temperature with respect to time was  found  0.077 K/sec.  
5.  Mathematical modelling of the aloin extraction 
 
5.1.  Unsteady state diffusion model 
 
A general diffusion model of solid-liquid extraction  based on Fick’s second law of diffusion was proposed by many 
researchers  [13,16,21,23].  Same is used for the characterization of the experimental data of aloin from the dry gel. Over a 
flat surface, unsteady state mass balance                      
2
2
x
xtC
D=
t
c
                                                     ------------ (2)  
The initial and boundary conditions are given below  
 Initial conditions, at t = o, for the continuous phase Cs = 0 ( Concentration of solute in the solution), 
i) For the dispersed phase 
Boundary conditions                                                       
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                                          Table 1: Diffusion coefficient for aloin extraction 
 
 
 
 
 
 
 
Temp 
0C 
Experimental Diffusivity 
 
m2/s 
Aloin content 
Kg/kg of fresh leaf 
Extraction of aloin 
% 
30 0.000467 90.7 5.105E-12
40 0.000492 95.443 6.909E-12
50 0.0005 97.112 8. 346E-12
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At the interface (x = e), equality of flux of solute (in mass): 
 
The overall flux of the solute obtained by integrating over the entire dry gel solid particle) is 
                                                                       
exx
xtCADF
=¹¸
·
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§
∂
∂
−=
),(
..
                                           ------------ ( 4) 
 
The incoming flux in the liquid is                             
dt
tdC
V=F L
L
                                                      -----------  ( 5) 
 This model is used to estimate diffusion coefficients (D) of aloin  and their values are tabulated in table 1. A good fit 
between experiments and concentration profiles was obtained as shown in Fig.6 to 9. Table 1 shows the coefficient of 
diffusion for UAE of aloin  in methanol at  different temperatures with reference to Fig.8. It varies from 5.105x 10-12 to 
8.346x 10-12 m2/s where the diffusivity of aloin found increased with increased temperature. But there is no much 
improvement even at high temperature 50 0C. It may be due to vaporisation of solvent at this temperature reduced the 
cavitations . As the rate of cavitations decreases , the mss transfer diffusion of aloin from aloe gel decreased. Hence there is 
no need to use higher temperature to receive higher yield. 
 
5. 2.  Activation energy of aloin diffusion  
 
Activation energy of the different process was calculated from the diffusion coefficient at different temperatures using 
Arhenius law.                            RTE
0
eD=D -                                                                            ------------ ( 6) 
Activation energy (E) of the diffusion process of aloin is calculated from the slope from eq.6 by plotting ln D vs. 1/T as 
shown in fig. 11. It is found 20.494 KJ/mol.  
 
 
 
Fig.11: Plot of ln D vs. 1/T  
6.  Conclusion 
  
 In this study, ultrasonic assisted extraction of aloin from dry gel of Aloe Vera was carried out. Influence of operating 
parameters such as solvent, dry gel particle size, dry gel loading, and temperature were investigated. Methanol has  shown 
greatest release on extraction of aloin than ethanol. Particle size 0.042-0.841 mm, temperature 40 0C , and time of extraction 
30 minute were found to be the optimum parameters from the experimental work. The unsteady state diffusion model was 
used to estimate diffusion coefficient 5.105x 10-12 to 8.346x 10-12 m2/s for the temperature range 30 to 50 0C. The diffusivity 
of aloin found increased with increased temperature. The activation energy for diffusion of aloin in methanol is 20.494 
KJ/mole using Arhenius equation. Power required for 60 min extraction run  was found 14.782 Kcal. UAE can achieve 
worthwhile gains in extraction efficiency and extraction rate, which if realized on industrial scale  would represent 
economic gains  for pharmaceutical and food industry. It is viable to use extraction of  heat sensitive bioactive compounds 
from herbal plants at  low temperature. From various experiments, it is observed that UAE is advantageous to reduce 
extraction time and to increases yield of extract.  
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